
Summary

Aqueous hypromellose gels are not microbiologically
stable – they show signs of microorganism growth during
storage. To extend the shelf-life of the gels, antimicrobial
preservatives are needed. Some substances of plant origin
are known for their antimicrobial properties, and thus they
may be used as an alternative to synthetic preservatives.
Therefore, the aim of this study was to evaluate the
microbiological stability of aqueous hypromellose gel and
the effectiveness of natural substances – grapefruit seed
extract (GSE), concentrated cranberry juice, and
a combination thereof – on the antimicrobial protection
of the gel. The evaluation of the antimicrobial activity of
GSE and cranberry juice showed that their antimicrobial
effects differed. Both cranberry juice and GSE inhibited
the growth of the standard gram-positive and gram-
negative bacteria, but the effect of GSE was significantly
stronger. Candida albicans was sensitive only to GSE. For

this reason, in order to affect all the microorganisms
studied, either a combination of 0.7% GSE and 10%
cranberry juice, or 5% GSE alone may be used. The
combination of GSE and cranberry juice was effective
only in acidic medium (pH being 2.5–5), while the
antimicrobial effect of GSE was not dependent on the pH
value. 
Keywords: grapefruit seed extract • cranberry juice •
hypromellose gel • antimicrobial protection

Souhrn

Vodné gely z hypromelosy nejsou mikrobiologicky stálé
– bûhem uchovávání se v nich mohou pomnoÏit
mikroorganismy. Ke zv˘‰ení doby pouÏitelnosti gelÛ je
nutná pfiísada protimikrobních konzervaãních látek.
Nûkteré látky rostlinného pÛvodu jsou charakteristické
sv˘mi antimikrobiálními vlastnostmi, a tak by mohly
slouÏit jako alternativa k syntetick˘m konzervantÛm.
Proto cílem této práce bylo sledování mikrobiologické
stability hypromelosového gelu a úãinnosti pfiírodních
látek – extraktu z grapefruitov˘ch semínek (GSE),
koncentrované ‰Èávy z klikvy velkoplodé a jejich
kombinace – na antimikrobiální ochranu gelu. Hodnocení
antimikrobiální aktivity GSE a klikvové ‰Èávy ukázalo, Ïe
se míra jejich pÛsobení li‰í. Jak klikvová ‰Èáva, tak GSE
potlaãovaly rÛst standardních gram-pozitivních a gram-
negativních bakterií, av‰ak úãinek GSE byl silnûj‰í.
Candida albicans byla citlivá pouze k GSE. Z tohoto
dÛvodu s cílem zasáhnout v‰echny zkoumané
mikroorganismy, lze pouÏít buì kombinaci 0,7 % GSE
a 10 % klikvové ‰Èávy nebo samotn˘ GSE v 5%
koncentraci. Kombinace GSE a klikvové ‰Èávy byla
úãinná pouze v kyselém prostfiedí (pH 2,5–5), kdeÏto
antimikrobiální efekt GSE nebyl závisl˘ na hodnotû pH.
Klíãová slova: extrakt z grapefruitov˘ch semínek •
klikvová ‰Èáva • hypromelosov˘ gel • antimikrobiální
ochrana

Jurga Bernatonienò* • Rasa Keraitò • Arnas Savickas 
Department of Drug Technology and Social Pharmacy, Academy of
Medicine, Lithuanian University of Health Sciences, Kaunas,
Lithuania
*Pharmacy of Lithuanian University of Health Sciences, Kaunas,
Lithuania

Assoc. Prof. Ruta Masteiková, Ph.D. (��) 
University of Veterinary and Pharmaceutical Sciences Brno
Department of Pharmaceutics, Faculty of Pharmacy
Palackého tfi. 1/3, 612 42 Brno
e-mail: masteikovar@vfu.cz

Alvydas Pavilonis 
Department of Microbiology, Lithuanian University of Health
Sciences, Kaunas, Lithuania

A combination of grapefruit seed extract and concentrated
cranberry juice as a potential antimicrobial preservative 
for the improvement of microbiological stability of
hypromellose gel 

Kombinace extraktu z grapefruitov˘ch semínek a koncentrované ‰Èávy
z klikvy velkoplodé jako potenciální protimikrobní konservans ke zv˘‰ení
mikrobiologické stability hypromelosového gelu

Jurga Bernatonienò • Rasa Keraitò • Ruta Masteiková • Alvydas Pavilonis • Arnas Savickas

Received 7 August 2013 / Accepted 10 September 2013 

ORIGINAL ARTICLE

212 Čes. slov. Farm. 2013; 62, 212–219

Farmacie 5_2013:Farmacie 4-012  17.10.2013  9:47  Stránka 212

proLékaře.cz | 20.1.2026



Introduction

Hypromellose (hydroxypropyl methylcellulose,
HPMC, Methocel) is a semisynthetic polymer (cellulose
ether) widely used as excipient in pharmaceutical,
cosmetic, and food industry1, 2). HPMC products give
neutral-flavoured, odourless and colourless solutions2),
and may be used in oral and topical (dermal, ophthalmic
or nasal) liquid or semisolid pharmaceuticals as
viscosifiers, gel-forming, thickening, and suspending
agents3–5). The protective colloid action and emulsifying
properties of hypromellose also benefit many liquid
formulations1). HPMC in the powder form is resistant
against microbial spoilage, but with addition of water
(hydrophilic solutions or gels) it becomes susceptible to
microbial growth. Such preparations must be protected by
the addition of preservatives that prevent the alteration
and degradation of the product. Preservatives are mainly
effective in controlling mould, inhibiting yeast growth,
and protecting against bacterial proliferation. Their
antimicrobial and antifungal properties make them an
integral part of the product formulation6). Commonly,
synthetic preservatives such as some organic acids
(benzoic and sorbic acid or parabens), alcohols, organic
mercurials, or quaternary ammonium compounds are
used7). Unfortunately, at present there is no perfect
preservative, and all materials are a trade-off of a number
of frequently contradicting properties7). It is not surprising
that especially synthetic preservatives sometimes prove
toxic to humans (irritation, hypersensitivity reactions,
allergy, accumulation of organic mercurials in the body,
etc.). The search for new antimicrobial agents has led to
a tendency of avoiding synthetic substances and involving
products of natural origin with less toxic effects as
a possible safer alternative8). Naturally occurring
antimicrobials include compounds that originate from
microbial, plant (extracts, essential oils, or active
ingredients isolated from plants), and animal sources9–11).
Unfortunately, a negative feature of a number of products
is a narrower spectrum of the antimicrobial effect and
lower activity levels, compared to synthetic
preservatives12). This drawback may partially be solved
by suitable combinations of various substances12). In
addition to that, antimicrobial protection of the
preparation may also come from substances with
a primarily therapeutic effect. Thus, creation of
formulations requires an evaluation of the effective
antimicrobial concentrations. 

The existing literature does not provide an unequivocal
opinion concerning the antimicrobial effectiveness of the
grapefruit (Citrus paradisi Mact.) seed extract (GSE). Von
Woedtke et al.13) stated that the antimicrobial effect was
due to the presence of synthetic preservatives in
commercially available extracts. Their self-produced
extracts did not inhibit bacterial or fungal growth. Later
studies in Croatia14) disproved these results: GSE
produced in their laboratory (solvent: 70% ethanol)
proved to be effective against all the studied gram-positive
bacteria and fungi as well as against some gram-negative
bacteria. However, the antimicrobial effect of GSE was
weaker, compared to that of some commercially available
extracts containing synthetic substances. According to the

authors, these differences might not necessarily have been
related to the presence of synthetic preservatives – the
differences in phenolic compounds (especially
flavonoids) content and composition might have had the
greatest influence. Recent testimonials report grapefruit-
seed extract (Citricidal) to be effective against more than
800 bacterial and viral strains, 100 strains of fungus, and
a large number of single- and multi-celled parasites15).
A stronger inhibitory effect is observed against gram-
positive than against gram-negative bacteria16). In a study
of Edwards-Jones et al.17), grapefruit seed extract
(Citricidal) showed antibacterial effect even against
MRSA – particularly in combination with essential oils. It
has been presumed that GSE disrupts the bacterial
membrane and liberates the cytoplasmic contents within
15 minutes after contact15). These processes are caused by
a complex of biologically active substances found in
grapefruit seed extract18). Grapefruit seeds are the major
depository for limonoids as well as flavonoid glycosides,
naringenin, quercetin, kaempherol, hesperidin, and
apigenin being the most abundant among their aglycones;
both saturated and unsaturated fatty acids are present as
well15, 19–22). Some papers suggest that grapefruit seeds or
bioactive compounds of GSE may have various
therapeutic properties. Oyelami et al.23) described
successful treatment of urinary tract infection with
grapefruit seeds. Zayachkivska et al.24) demonstrated that
GSE reduced acute gastric lesions induced by a corrosive
concentration (100%) of ethanol, suggesting that it may be
capable of protecting the gastric mucosa against
necrotizing substances and possibly be useful in the
treatment of acute and chronic gastric ulcerations.
Dembinski et al.25) in their study found that GSE had
a protective effect against ischemia/reperfusion-induced
pancreatitis – probably due to the activation of anti-
oxidative mechanisms in the pancreas and the
improvement of pancreatic blood flow. Adeneye26) proved
a hematopoietic effect of the methanol-based grapefruit
seed extract.

Cranberries (Vaccinium macrocarpon Ait.) also have
an antibacterial and antifungal effect27, 28). A number of
studies have shown that cranberries are highly effective
against bacteria that cause urinary tract infection –
especially against E. coli29). This effect was thought to be
due to the ability of the acids accumulated in cranberries
to reduce urine pH, which in turn inhibits bacterial
growth30), or due to the presence of polyphenols and
tannins in cranberries31). However, recently, a group of
proanthocyanidins (PACs) with A-type linkages were
isolated from cranberries which exhibit bacterial anti-
adhesion activity against both antibiotic-susceptible and
resistant strains of uropathogenic P-fimbriated E. coli
bacteria32). A study of Howell et al.32) performed on an in
vivo Caenorhabditis elegans model showed that
cranberries also act against bacterial virulence: E. coli
strain presented a reduced ability to kill worms after
cultivation in urine samples of patients who took
cranberry capsules. Fructose is the second compound with
bacterial anti-adhesion activity in cranberries; it inhibits
the mannose-sensitive fimbrial adhesins30). The anti-
adhesion activity of cranberries on non-urinary bacterial
species such as Helicobacter pylori, Streptococcus
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juice), the amount of water used was reduced
proportionately to the amount of the substance added into
the product.

Solutions of the following concentrations were
prepared by dissolving respective amounts of the test
substances in purified water:
• grapefruit seed extract – 0.2%; 0.3%; 0.7%; 1.0%;

2.0%; 3.0%; 5.0%, and 10%;
• cranberry juice – 3.0%; 5.0%; 10.0%; 20.0%, and

30.0%;

Evaluation of microbial stability of hypromellose gels 
Microbial stability of the gels was evaluated after

storage in a thermostat (at 40 ± 1 °C and 20 ± 1 °C) and
in a fridge (at 4 ± 1 °C). The gel that did not contain any
active substances was stored for 1 month, and the gel with
active ingredients for 3 months. Following that,
disposable bacteriological loops were used to obtain
samples of the gels under study; the samples were
subsequently placed into separate sterile test-tubes
containing liquid nutrient media – trypticase soy agar for
bacteria, and Sabouraud agar for the cultivation of fungi.
The prepared samples were stored for 24 hours in
a thermostat at 35 ± 1 °C, and subsequently for 24 hours
at room temperature (20 ± 2 °C). The appearance of the
samples was evaluated visually – unaltered suspensions
indicated that the preparations were stable (i.e. without
microbial growth), while turbidity indicated microbial
contamination, i.e. growth of microorganisms in the
sample.

The test-tube contents that did not exhibit turbidity
were placed on solid nutrient media and cultivated for 24
hours in a thermostat at 35 ± 1 °C, and subsequently for
24 hours at room temperature (20 ± 2 °C). The absence of
bacterial or fungal growth on the surface of the media
indicated bactericidal and fungicidal effect of the
substances studied. The tests were performed in triplicate.
Test-tube contents that showed turbidity were studied
microscopically. 

Microscopic evaluation of microorganisms 
The morphology of the microorganisms (samples of the

microbial culture that grew in the liquid nutrient medium)
was evaluated under a biological microscope. The sample
was dried at room temperature and fixed by applying the
physical fixing technique. Gram staining was applied to
differentiate between gram-positive and gram-negative
bacteria. Samples were observed using a 100-times
magnifying immersion lens. Gram-positive bacteria
resulted in a purple-blue colour while gram-negative in
pink-red.

Evaluation of antimicrobial activity 
The study was conducted by applying the technique

based on the diffusion of the tested substance into the
nutrient medium: trypticase soy agar for bacterial growth,
and Sabouraud agar for growing C. albicans. Agars were
boiled, cooled to the temperature of 46 ± 1°C, and
subsequently poured into sterile plastic Petri dishes, into
which 1 ml of the suspension with each respective
microorganism (1,5 ×� 108 of colony forming units in 1 ml)
were introduced with a sterile medicine dropper.

mutans, Porphyromonas gingivalis, Enteroccocus
faecalis, and Neisseria meningitidis has also been
verified33, 34). Urinary tract infections, dental caries,
periodontitis, and certain ulcers all occur when pathogenic
bacteria adhere to the epithelial tissue in the body. GSE is
also believed to possibly have a similar anti-adhesive
effect19). However, cranberries do not only have anti-
adhesive properties, but they also directly affect
microorganisms35). Wu et al.36) hypothesized that
cranberries may interact with the outer cell membrane –
by disrupting it, cranberry compounds enter the cell and
inhibit the transcription of genes; this may prevent the
synthesis of proteins that are required for bacterial growth.
Antimicrobial activity is due to phenolic compounds and
anthocyanins found in the raw material27) in combination
with other biologically active compounds37) – e.g. organic
acids36). Cranberries are also characterized by certain
antifungal activity38). In the case of Candida albicans,
cranberry proanthocyanidins exert anti-biofilm (anti-
adhesion) activities while having no effect on fungal
growth39). 

The literature focuses on the oral use of grapefruit seed
extract and cranberries; in this case, determination of the
minimal concentration of the active components that
ensures microbiological stability of the preparation is of
importance. The antimicrobial effectiveness of these
biologically active substances may also be applied to
ensure the microbiological safety of dermatological
products. Thus, the aim of this study was to evaluate the
microbiological stability of aqueous hypromellose gel and
the effectiveness of biologically active substances –
grapefruit seed extract (GSE), concentrated cranberry
juice, and a combination of these substances – on the
microbiological protection of the gel. 

Experimental part

Materials 
The following materials were used in the study:

grapefruit seed extract (BAYERNWALD, Germany),
concentrated cranberry juice (BAYERNWALD,
Germany), hypromellose (Sigma-Aldrich Co.), purified
water (Ph. Eur. quality). 

Bacterial strains tested
Antimicrobial activity was evaluated by using standard

microorganism cultures: bacteria Staphylococcus aureus
ATCC 25923, Enterococcus faecalis ATCC 29212,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Klebsiella pneumoniae ATCC 33499,
Proteus mirabilis ATCC 12459, Bacillus subtilis ATCC
6633, and Bacillus cereus ATCC 8035, and fungi Candida
albicans ATCC 60193. 

Methods

Preparation of hypromellose gel and solutions with
test substances 

A 3% aqueous hypromellose gel was prepared by
continuous stirring in a mixer until a transparent
colourless mass was formed. In the case of the gel
containing the active ingredients (GSE and cranberry
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Fig. 1. Antimicrobial activity of solutions of grapefruit seed extract
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GSE was observed in S. aureus, B. cereus and E. faecalis
– their growth was already inhibited by a 0.2%
concentration. A GSE 0.3% solution also affected E. coli
and K. pneumoniae, while 5% and higher concentrations
of GSE inhibited the growth of all standard
microorganisms. Among the microorganisms studied,
P. aeruginosa demonstrated the highest resistance – the
growth of bacteria was unaffected by GSE concentrations
below 5%. The fungus C. albicans was sensitive to
relatively greatly diluted (i.e. 0.7%) solutions. Our
findings correlate with those obtained by other
researchers14, 16) indicating that the most sensitive to the
effect of GSE are gram-positive bacteria.

Experiments with concentrated cranberry juice
demonstrated inhibition of the growth of studied gram-
positive and gram-negative bacteria too, but the inhibitory
effect required higher concentrations of the substance,
compared to GSE (Fig. 2). The most sensitive to cranberry
juice were S. aureus, E. faecalis, B. cereus, and E. coli –
their growth was already inhibited by a 3% concentration
of cranberry juice. S. aureus was also one of the most
sensitive microorganisms in a study of Margariños et
al.35). 5% cranberry juice affected P. mirabilis, while 10%
and greater concentrations influenced all the bacteria
studied. The fungus C. albicans was not affected by
cranberry juice at any concentration. 

The obtained results indicate that the most resistant
microorganisms in the study were P. aeruginosa
(concentration required for inhibition was 10% for
cranberry juice and 5% for GSE) and C. albicans (was not
affected by cranberry juice). S. aureus, B. cereus, and E.
faecalis demonstrated the highest sensitivity to both
substances under study. E. coli was less sensitive to GSE
than S. aureus and E. faecalis bacteria were – the
inhibition zones were, accordingly, by 1.3–1.6 times
smaller. 

The literature sources contain extensive descriptions of
the effect of cranberry juice on E. coli29, 33, 35). Our findings

McFarland standards were used for the measurement of
density of microorganisms in suspension. The resulting
mixture was well stirred and left until the media
containing the microorganisms cooled down and
solidified. Then wells (8 mm in diameter) were formed
on the surfaces, where 0.4 ml solutions of the respective
test substances were introduced with a sterile medicine
dropper. The Petri dishes were stored in a thermostat for
24 hours at 35 ± 1 °C. After that the diameters of
inhibition zones were measured. In the control group,
microbial cultures were mixed with the nutrient media in
the Petri dishes, but no wells were formed, and no tested
substances were introduced. The evaluation was
performed in triplicate, and the arithmetical mean values
and standard deviations were calculated.

Statistical analysis 
The obtained results were processed using the statistical

data software package IBM SPSS Statistics 5.5 for
Windows, and Microsoft® Office Excel 2003 software.

Results and discussion

The investigation demonstrated that hypromellose-
containing media became turbid under any storage
conditions due to microbial growth. Microscopic
examination with Gram staining revealed the presence of
gram-positive bacteria (purple-blue), gram-negative
bacteria (pink-red), and yeast, which indicate that
hypromellose gels are not microbially stable. Thus their
protection from microbial contamination requires an
addition of substances with antimicrobial characteristics.
For this reason antimicrobial properties of grapefruit seed
extract (GSE) and concentrated cranberry juice were
investigated.

Antimicrobial effect of 0.2–10% GSE solutions on
gram-positive and gram-negative bacteria, and Candida
albicans is shown in Fig. 1. The greatest sensitivity to
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of cranberry juice inhibited the growth of all the bacteria
studied but had no effect on C. albicans the growth of
which was inhibited starting from a 0.7% concentration
of GSE. In order to affect the growth of all
microorganisms, a 5% solution of GSE or a combination
of the substances under study can be used. For this reason,
a mixture of 10% cranberry juice (inhibited all
microorganisms except for C. albicans) and 0.7% GSE
(the lowest concentration that inhibited C. albicans) was
investigated. Figure 3 shows that all microorganisms were
thus affected, but a greater inhibitory effect was observed
with respect to the microorganisms that were also affected
by individually used solutions of the substances under
study. The effectiveness of this combination on the
microbiological protection of hypromellose gel was also
evaluated. Liquid nutrient media with the studied
preparations remained clear throughout the monitoring

period. This indicates that the selected
substances inhibited microbial growth.
For the verification of the absence of
microorganisms in the preparations
studied, their samples were inoculated
into solid nutrient media. No microbial
growth was observed in these media
either. This suggests that the
combination of the studied natural
substances in gels had an antimicrobial
effect in addition to the biological one. 

Cranberry juice and grapefruit seed
extract contain a number of organic
acids that create the acidic
environment of these substances19, 20).
During the study, pH values of
hypromellose gel and solutions of GSE
and cranberry juice were measured,
and an evaluation of how an addition
of these substances changed the pH
value of the gel was performed. The
pH value of hypromellose gel was
5.9 ± 0.5, and 5% GSE only slightly

Fig. 2. Antimicrobial activity of solutions of concentrated cranberry juice

Fig. 3. Comparison of the antimicrobial activity of the solutions of 0.7% grapefruit
seed extract (GSE), 10% cranberry juice, and their combination

216 Čes. slov. Farm. 2013; 62, 212–219

confirmed that all the studied concentrations of cranberry
juice inhibited the growth of this bacterial culture.
Antimicrobial activity of cranberries has also been
extensively studied at Kaunas University of Technology,
where the ability of extracts from cranberry berries and
pulp to inhibit bacterial growth was evaluated. The
extracts were found to have a bacteriostatic effect on
S. aureus, E. faecalis, and B. subtilis cultures40). These
results are similar to those obtained in our study – only
the diameters of the inhibition zones were somewhat
different, which might have been due to differences in the
species of cranberries, the raw material, the biologically
active components contained, and/or the concentrations
used in the study. 

Thus, the obtained results showed that the growth of all
the standard microorganisms under study was inhibited
by 5% and higher concentrations of GSE. 10% solutions
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Table 1. Sensitivity of the standard microorganisms to the combination of 0.7% GSE and 10% cranberry juice with respect to the
pH value of the medium

Standard microorganism Inhibition zone diameter (mm)

cultures pH 2.5 pH 4.0 pH 5.0 pH 6.0 pH 7.0

S. aureus 22 20 ± 0.5 19 ± 1 17 ± 0.6 16 ± 1

E. faecalis 17 14 12 11 ± 0.7 9 ± 0.3

E. coli 15 ± 1.0 15 ± 0.4 13 ± 0.7 11 –

P. aeruginosa 16 ± 0.6 15 12 – –

K. pneumoniae 15 ± 0.4 11 ± 1 9 ± 1 – –

P. mirabilis 15 ± 1 14 12 – –

B. cereus 21 19 ± 0.6 18 ± 0.4 16 ± 0.4 14

B. subtilis 18 11 ± 1 11 11 ± 1 11 ± 1

C. albicans 15 ± 1 14 11 ± 0.6 10 ± 0.6 10

Table 2. Sensitivity of standard microorganisms to the studied substances with respect to the pH value of the medium

Standard microorganism Inhibition zone diameter (mm)

cultures 10% cranberry juice 0.7% GSE 5% GSE 

pH 2.5 pH 7 pH 5.8 pH 7 pH 5.5 pH 7

S. aureus 16 ± 1 – 20 19 30 29 ± 1

E. faecalis 16 – 19 ± 0.6 20 ± 0.2 25 24 ± 0.4

E. coli 14 ± 0.4 – 12 11 ± 1 17 ± 0.7 17 ± 0.5

P. aeruginosa 13 – – – 11 11 ± 0.3

K. pneumoniae 12 – 11 ± 0.4 12 ± 0.6 18 18 ± 0.4

P. mirabilis 16 – – – 12 12 ± 0.2

B. cereus 19 – 20 ± 0.4 20 ± 0.6 27 26 ± 0.9

B. subtilis 12 ± 0.6 – 12 ± 1 12 ± 0.8 25 ± 0.4 25

C. albicans – – 12 ± 1 12 ± 0.4 17 ± 1 17 ± 0.6
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compared to gram-negative prokaryotes – even in
a neutral medium the solution of the studied substances
inhibited the growth of S. aureus, E. faecalis, B. cereus, or
B. subtilis (gram-positive bacteria), and C. albicans.

The fact that with pH 7 of the medium the combination
of 0.7% GSE and 10% cranberry juice did not inhibit the
growth of only gram-negative bacteria (Table 1) suggests
that the relation between antimicrobial activity and acidity
of the medium may be due to one component of the
combination. Since previous studies have shown that the
growth of C. albicans was inhibited only by GSE, and the
present evaluation has demonstrated that the inhibitory
effect on fungi is preserved in the neutral medium, the
effect of GSE on microorganisms should not be dependent
upon changes in pH value. This hypothesis was verified by
separately evaluating antimicrobial activity of a 10%
solution of cranberry juice and a 0.7% or 5% solution of
GSE (Table 2). The evaluation demonstrated that in
a neutral medium (pH 7) a 10% cranberry juice had no
inhibitory effect on microbial growth, while the
antimicrobial activity of a 0.7% aqueous solution of GSE
did not change, i.e. there were de facto no changes in
inhibitory zone diameters. This suggests that the relation
between antimicrobial activity and pH value of the medium
exists only in cranberry juice, i.e. the juice can only inhibit
microbial growth in an acid environment. The obtained data
confirmed the findings of numerous researchers. Wen et
al.41) found that phenolic acids (cranberry contains some of

reduced this value (pH 5.5 ± 0.5), while the combination
of GSE and cranberry juice had the greatest influence –
the gel became significantly acidic (pH 2.5 ± 0.5). For this
reason, our next important task was to determine the
influence of pH value on the antimicrobial activity of this
combination. During our study, the formulation was
alkalized, monitoring changes in the sensitivity of the
microorganisms under study with respect to changes in
the pH value. Since it was determined that the pH value of
the mixture of 0.7% GSE and 10% cranberry juice did not
differ from the pH value of hypromellose gel containing
the same combination, a subsequent evaluation (in order
to facilitate the work) was performed with the aqueous
solutions of active substances (Table 1). The obtained
results showed that the sensitivity of bacteria and fungi to
the combination of 0.7% GSE and 10% cranberry juice
decreased with increasing pH value (p < 0.05). With pH
values increasing from 2.5 to 5, a decrease in the
diameters of the inhibition zones was indicated;
nevertheless all the standard microbial cultures remained
still sensitive to the combination under study. Only when
the pH value of the medium reached pH 6, the mixture of
0.7% GSE and 10% cranberry juice was no longer able to
inhibit the growth of P. aeruginosa, K. pneumoniae, or
P. mirabilis, and in a neutral medium (pH 7) E. coli also
became resistant to the combination studied. Reduction
of antimicrobial effect with increasing pH value was
slower in the case of gram-positive bacteria or fungi,
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them) could have an antimicrobial effect against Listeria
monocytogenes, and the effect was pH-dependent.
According to the study by Wu et al.39), a low pH of the
cranberry concentrate (mainly contributed by organic acids)
plays an important role in inhibiting pathogens. However,
their pH effect analysis also indicated that at the same pH
level, the cranberry concentrate showed greater
antibacterial effects than the simple acidic solution did,
implying that other bioactive compounds such as phenolics
in the cranberry concentrate may also contribute to the
antimicrobial effect36). A 5% aqueous GSE solution
inhibited the growth of all the microorganisms studied
regardless of the pH value of the medium: no statistical
significance was found in the inhibition zone diameter
between the acidic (pH 5.5) and neutral (pH 7) environment
(Table 2). The obtained findings showed that GSE as an
antimicrobial substance may be used independently of the
pH value of the formulation. 

In conclusion, GSE, cranberry juice or their
combination not only have a biological effect, but also
demonstrate a wide spectrum of antimicrobial activity,
and thus they may protect a preparation against
contamination with microorganisms, and serve as
preservatives in medicines for internal and external use.
Both GSE and cranberry juice inhibited the growth of
gram-positive and gram-negative bacteria; however the
effect of GSE is significantly stronger – C. albicans was
sensitive only to GSE. Therefore either a combination of
0.7% GSE and 10% cranberry juice, or 5% GSE alone
may be used for microbial growth inhibition. GSE effect
is pH independent, while the combination of GSE and
cranberry juice is useful only in acidic medium. 

Conflicts of interest: none.
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